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ABSTRACT 

Thfe  higii  temperature  possibilities  of  wood  thrOugb 
treatment  of  various  types  and  its  applieations  are 
the  basis  of  this  annotated  bibliography.  High  tem¬ 
perature  is  defined  as  anythii^  up  to  1500®  F,  including 
char.  Laminated  wood  and  plywood  were  investigated, 
too. 


Search  covers  period  of  1927-1962, 
$earch  completed  June  1962. 
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report.  The  conapiler  is  well  aware  that  many  of  these  agencies '  nanies,  addresses 
and  office  codes  will  have  changed;  however ^  no  attempt  has  been  nxade  to  update 
each  of  these  notices  individually. 

In  citing  eiassified  reports,  iSE’CHET  TITLE)  or  (©©NFIDENTIAL  TITLE)  as 
appropriate,  has  been  used  when  that  elassifiGation  of  the  titie  was  indicated  on 
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abie  to  the  compiler  and  it  was  impossiMe  to  verify  the  report's  title  and  the 
title's  security  level. 
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e.  g. ,  SECRET  REPORT,  at  the  Conclusion  of  the  b^liographic  data  for  that 
report  entry. 
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li  Mhertoffi,  G.  Ai  and  GaranthaiMi. 

heating  DGHGILAS-FIR  VEPEEH  HHGGKS-- 
BOES  IT  PAY  ?  Gnegoft.  Faresl  Products 
Researdt  Gfenter,  Gorvallls.  Bulletift 
n®.  9;,  June  59v  64p. 

In  ejcperiments  on  heated  and  uttheated  feloeks  irom  two  grades  of  veneer  log,  the  % 
of  Aggrade  veneer  froin  high-grade  logs  increased  from  48  when  unheated  to  60 
when  heated,  chiefly  as  a  result  of  reduced  splittings  Gost  of  heating  is  estimated 
at  $0. 82/1000  bd.  ft. ,  giving  a  net  value  gain  of  $4. 35 . 

2.  Banfleld,  W.  0>  and  Peck,,  W,  S, 

Effect  of  chemicals  on  the  ignition  temperature 

of  woods  G^^ADIAP  GiPMBTitY  AN©  1®  f  AL- 

LtlRGY  V.  6.  ti,  8:,  p,  172-176,  Aug  1922. 

Results  of  experiments  carried  out  at  university  of  ©ritish  Golumhia  to  find  practi- 
eal  fire-retarding  chemical. 

3.  Boferov,  P.  A, 

Thermal  decomposition  of  wood  with  superheated 
steam.  LESOlGaiMllA  PROiV^  v,4, 

n,  3,  p,  9-15,  1935.  (in  Russian) 

m  distillation  of  sawdust  and  wood  chips  up  to  2  x2  x  4  cm.  With  superheated  steam 
the  yield  of  acids  is  raised  by  100%,  while  gases  and  tar  ape  not  produced.  With 
Wood  in  large  pieces  the  yield  of  acids  decreases  and  there  ape  formed  decomposi¬ 
tion  products,  tar  and  gases.  A  critical  discussion  of  papers  by  variousi  authors  is 
presented  and  a  literature  index  comprising  17  references  is  attached. 


1 

LOCKHEED  MIS5ILES  Be  SPACE  COMPANY 


3-80-62-1^^/86-62-28 


4.  Boferov,  Pi  Ai 

The  thermal  decempositidn  of  wood  wllh  super¬ 
heated  stoaJiai  ]M®KOMLESA  SSRi  TSENTiM^ 

NABCM’E  ISSLEDOVATELENIE  LES0KH«II 
INSTIfETAi  TMIBY  y.  5*  pi  3-41,  1934.  (hi 
Russian) 

Spruee,  teireh,  eedar  and  other  cellniar  materiais  in  forms  of  sawdusti  ehips^  and 
logs  were  destruetively  distilled  with  superheated  steam,  and  the  ether-ejdxacted 
distillate  and  the  noiivolatile  residue  examined  The  distillation  was  made  m;  n 
20-1*  vertical  ,  water-jacketed  copper  retort  provided  ndth  a  top  and  hottom  outleti 
The  tabulated  results:  show  that  the  decomposition  under  various  conditions  of 
distillation  deponds  chiefly  on  the  nature  of  wood  used.  The  lea%  irees  ^ve  a 
greater  yield  of  acids.  With  an  increased  amount  of  steam  used  the  yields  of  use¬ 
ful  products  become  greater.  Ender  normal;  conditions  of  decomposition  with  steamj 
no  gases  Or  resins  are  formed.  The  chief  products  are  HgO-soMble  subsitances 
found  in  the  distillate,  and  some  nonvolatile  residue  obtained  in  vacuum  distillation 
of  the  distillate.  The  pereeatage  of  aidehydes  is  independent  of  the  nature  of  wood 
and  vat ies  udth  changes  ih  the  procedure  of  the  decemposttion.  The  form  of  wood 
and  its  degree  of  mechanical  disintegration  have  no  eifeet  on  the  yields  of  decom¬ 
position  products.  The  yields  of  all  products  are  increased  with  greater  duration  of 
the  exothermic  reaction  at  270*,  The  method  as  eompared  with  the  destructive  dis- 
tiliation  without  the  use  of  stemn  gives  a  greater  yield  of  Useful  decomposition  pro¬ 
ducts.,  viz. ,  100%  increaee  in  the  yield  of  acids;  and  an  equal  yield  of  3\ieGH.  A 
yield  of  40-53%  of  G  was  obtained  at  $10-364*. 

5.  Bowes,  P,  G. 

estimates  of  tre  rate  of  beat  evolution 

AN©  OF  THE  ACTWAT^N  ENERGY  FOR  A  STAGE 
IN  THE  IGNITION  OF  SOME  WOODS  AND  FPER- 
BOARDS.  Gt,  Brit,  Joint  Fire  Research  Organiza¬ 
tion.  Department  of  Scientific  and  Industrial  re¬ 
search  and  Fire  Offices'  Gommission.  Fire  research 
note  no.  266,  1956  ,  n.  p. 
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6.  BrSw,  G.  R* 

THE  DETERffi^ATlGN  OF  THE  IGHlTIDN 
TEMPERATIJHES  OF  SOl.H>  I^TERIABS. 

Gatholie  Uhiversi^  of  iyaeriea,,  Washiiigton;j 
Dii  G.  1934, 

Method  devised  which  would  be  suitable  for  such  material  as  wood,,  paper  ,,  veget#le 
fibers^  etc;;  Study  of  effect  of  size  of  specimeh,  rate  of  air  flow,  and  rate  of  temper^ 
ature  rise. 

7.  Brown,  G.  R. 

Beteraiination  of  the  i^ition  temperature  of 
solid  materiais.  FUEL  v,  14,  p.  i4r-i|;,  56^59  , 

80-85  j  It2i^li6,  149-15:2,  173-179.  1935^ 

Method  devised  which  would  be  suitable  for  such  material  as  wood,  paper,  vegetable 
fibers,  etc:  stU(^  of  effect  of  size  of  specimen,  rate  of  air  flow,  and  rate  of  temper¬ 
ature  risei 

8.  Browne,  F,  Jj. 

THEORffiS  OF  THE  OGMOTSTlON  OF  WpOI) 

AND  ITS  GQNTRQL;  A  SURVEY  OF  THE 
LITERATURE,  U,  S.  Forest  Products  Labor¬ 
atory,  Madison,  Wise,  Report  no.  2136, 

Dec  5  8  ,  71p. 

Substantial  progress  has  been  made  in  reaching  an  understanding  of  the  fundamental 
mechanisms  of  the  pyrolysis  and  combustion  of  wood  and  of  their  alteration  by 
added  chemicals.  No  single  theory  completely  describes  the  manner  in  which  re¬ 
sistance  to  fire  is  imparted  to  wood.  In  particular,  the  mechanism  of  protection 
against  flaming  combustion  differs  essentially  from  that  against  glowing  combustion. 


3 

LOC  K  H  E  E  D  M  ISSILES  8e  SPAC  E  CO  M  PA  N  Y 


3-80i-62-17/SB^62-28 


Fetr  resistaHce  to  feoth  Slaine  and  glow  the  Older  iphysical  theories  nO  aouht  remalB 
appllcahie  to  a  eertaln  extent,  at  least  in  sOtiae  cases,  hut  the  new  chemieaii  theories, 
seeni  to  he  of  greater  and  more  general  sipii£icanCe»  The  chemical  theories 
espeeialiy  offer  promise  of  achieving  good  resistance  to  fire  ndth  smaller  espendi- 
tures  Of  chemleais  than  have  generally  been  fOun€  necessary  in  the  past.  All  of  the 
theories ,  however  ,  still  remaiti  too  highly  speculative  because  there  has  been  in¬ 
sufficient  ejqperimental  work  to  establish  properly  the  extent  of  their  validity  and 
the  quantitative  details  of  their  applicabiliiy  ^  But  enough  has  been  learned  to  afford 
a  good  foundation  for  a  thoroughly  scientific  approach  to  the  problem  of  inipartlng 
better  fire  resistance  to  woods  Since  empiric^:  efforts  for  More  than'  a  century  have 
added  so  iittle  to  our  stock  of  praGtlcable  fire  retardants  fdr  wood,  it  is  high  time 
that  the  objective  be  sought  from  the  point  of  view  of  fundamental  principles.: 


9  s  Browne,  F.  L,  and  Tang,  W.  K. 

Thermogravimetrie  and  differential  thermal 
analysis  of  wood  and  of  wood  treated  with 
organic  Salts  during  pyrolysisi  A  Progress 
Report  M  AMERICAN  glEMlCAL  S©C®ETYs, 

ABSTM©TS  ©f  PAPERS,  i49TH  MEETEiG 
3-8  SEP  1964,  p>  6K-2i, 

f hermograviMetric  and  differ eitial  therMal  analyses  indicated  that,  in  a  nitrogen 
atmosphere,  wood,  lignin,  and  ceilulpse  begin  to  pyrpiyze  actiyeiy  during  an  exo- 
thermoiC  trend  in  the  decomposition  process  ,  the  Bgnih  near  220°©,  and  the 
cellulose  near  27|°©.  ©nee  started,  cellulose  is  volatilized  nearly  compietely  and 
mostly  endothermicMiy  before  400°©.  is  reached;  whereas  lignin  voiatizes  much 
more  sipwly,  entirely  exothermically,  and  loses  only  half  its  weight  even  at  800°©. 
Some  salts  that  are  good  flmne  retardants  lower  the  threshold  temperature  for 
aetive  pyrolysis  of  wood,  increase  the  volatiliMtiOn  below  250°©. ,  exert  an  en¬ 
dothermic  effect  at  the  temperatures  of  greatest  volatilization,  and  minimize  the 
amount  of  wood  volatilized  when  pyrolysis  is  complete.  Other  good  flame  retard¬ 
ants  fail  to  alter  the  pyrolysis  threshold  or  volatilization  below  250°©,  and  have 
an  exothermic  effect  at  temperatures  of  greatest  volatilization,  but  they  share 
mth  the  first  group  the  property  of  minimizing  volatilization  when  pyrolysis  is 
complete. 


10,  Bruee,  H.  D,  and  Do-vrais  ,  L.  E  . 

SURFA©E  FLAMMABILITY  OF  VARIOUS  WOOD- 
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B^StSE  BUILBENG  l[ATEEyyj&  E,  S.  Forest 
Pr ©duets  ]La:boratory  ,,  Bfai^son,  Wise.  Report 
no.  2140:,  1959  ,  n.  p* 

11.  ByYshikHj  JVI.  Pi 

Effeet  ot  moisture  content  and  temperature  of 
wood  on  its  elastic  and  piastic  pro;perties  i 
PEREVOOBRi!tBAtYVApJSRGHM^  PROMY  - 
SHLENNOST»v.  %  o.  2,  p.  13-15,  im. 

(Englisli  trans.  by  a  Pronin  .  P.  S.  Forest 
Products  laboratory,  Madison,  Wise.  Rept. 

No,  TR-400,  1959.  7p) 

12.  Comben,  A.  J, 

The  eMect  of  te wcratiure  feitn  drying  on 

the  Streiifth  properties  of  timber.  WOOD 

(Londonl  y,20,  n,  8,  p,  311-313,  1955, 

The  strength  in  impact  bending,  static  bending  and  compression,  of  Triploelnton,. 
seheroxylon,  Mitragyna  stipulosa.  md  Pinus  sylvcstris,  was  Yirtuaily  uhaEfected  by 
rapid  superheated  steam  drying  at  110°G.  as  compared  with  that  of  the  Same  timber 
bred  by  normal  FPRL  schedules ,  In  niahogany  (Khaya  iyorensis)  treated  seyerely, 
there  was  a  reduetion  in  toughness  and  impact  strenglli  and  ah  increase  in  brittle¬ 
ness.  Kiln  schedules  are  tabulated.  A  second  table  giyes  the  strength  data  esm^ossed 
as  a  %  of  those  of  the  normally  dried  lumber, 

13.  Gurrier,  R,  A, 

High  drying  temperatures.  Do  they  harm 
Douglas-fir  veneers?  FOREST  PRODUCTS 
JOURNAL  y.  8,  n,  4,.  p,  128-136,  1958, 
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f  fests  with  veneers  dried  toy  various  direGt-fired,  and  ipartieularly  oil-lired  heaters 
at  700”F  showed  strength  reduetions  of  glue  tooHds  eompared  with  steain  or  Mln-dried 
veneers  but  the  wood  failure  in  the  standard  2-cycle  boil  DFPA  (Bouglas  Fir  Plywood 
AsSOc)  tests  Was  quite  a  reliable  index  under  these  eonditiGnSi  Brushing  Off  sooty 
deposits  found  on  some  of  the  veneers  from  oM^fired  driers  improved  the  bond  but 
it  remained  inferior  to  that  of  veneer  otherwise  driedi  Tests  showed  a  reduotion  of 
water  absorbing  eapaeity  of  veneers  with  increased  temperatures  and  (haying  times,  and 
this,  it  is  suggested^  may  contribute  to  inferior  bonds. 

14.  DavidsoUj  R.  W. 

The  effect  of  temperature  on  the  eleetrieal 

resistance  of  wood.  FOREST  PRODllCTS 

JOURNAL  V.  8>,  n.  4,  p,  160-164.  May  1958, 

Describes  tests  with  Dougias  Fir  ,  Yellow  Poplar  (Liriodendron  Tulipferal  and 
Sugar  Maple  at  12  to  18%  m.  c.  which  largely  eonfirmed  earlier  findings.  At 
constant  m.  c,  the  logarithm  of  resistmiee  varied  linearly  with  the  reciprocai  of 
absolute  temperature ,  Activation  energsr  (i,  e, ,  the  ener^  required  to  release 
bound  ions  to  enable  them  to  conduct  electric  current)  increased  exponentially  with 
decreasing  m>  e.  differences  between  species  were  smali. 


15,  Dunlap,  F. 

TIE  SPEGIFIO  BEAT  OF  WOOD.  U.  S. 
DepMtment  of  Agriculture.  Forest  Serwlcc 
Bulletin  llO,  1912,  n.p. 


16.  Eicfcner,  H,  W, 

BASIC  RESEARCH  ON  THE  PYROLYSIS 
AND  COMBUSTION  OF  WOOD,  U,  S. 

Forest  Products  Laboratoiy,  Madison,  Wise, 

Report  no.  TP-iQ7,  Oct  1961.  18p. 

The  pyrolysis  and  combustion  processes  of  wood,  both  untreated  and  When  treated 
with  salts,  are  being  studied  by  static  and  dynamic  thermogravimetric  analysis, 
differentia  thermal  analysts,  heat  of  combustion  of  products,  and  chemical  analysis. 
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The  initiai  results  indicate  that  many  of  the  salts  that  are  gCod  ftame  retardants 
Ibwer  the  threshold  decomposition  temperature  for  woodj  increase  the  reaction 
rate  near  the  threshold  temperature^  exert  an  endothermic  effect  at  temperatures 
at  which  volatilization  is  already  well  underway  ,  and  minimize  the  amount  of 
wood  volatilized  when  pyrolysis  is  eompletei  At  least  one  good  flame  retardant 
fails  to  alter  the  pyrolysis  threshold  temperature  and  has  an  exothermic  effect 
throughout  the  region  of  substantial  volatilization,  but  also  has.  the  properiy  of 
minimizing  volatilization  when  pyrolysis  is  eomplete* 


17.  EmvenkOj  M.  P. 

The  speeific  heat  of  wood.  DEREVOGiBllA- 
BATYVAItJSBCHAyt  PltOM’XEliLENNdST^ 
v,  7i  n.  5,  p.  18-19,  1958.  |  hi  Eussian) 

In  investigations  on  wood,  use  was  made  of  G.  M.  KondraP  ev's  method  for  deter¬ 
mining  specific  heat,  in  which  the  comminuted  substance ,  placed  in  a  small,  hollow 
metal  cylinder  (microcalorimeter)  cools  in  the  air  under  natural  convection  conditions 
and  its  changes  in  temperature  are  measured  at  regular  intervals.  A  formula  is 
developed  for  finding  the  specifte  heat  of  the  substance  in  kcaL  Results  show  the 
speeific  heat  Of  Scots  Pine  wood  to  he  0. 38,  of  Spruce  0*  34,  of  Sirch  0,  45 ,  and  of 
Birch  Bark  0 , 43  kcal.  kg.  degree. 

1$,  Fieii,  A.  o. 

Reducing  heat  distortion  m  the  knife  and 
pressure  bar  assemblies  of  veneer  lathes. 

FOREST  PRODUOTS  JOURiNAL  y.  8,  n,  7, 
n,p,  duly  1958, 

19.  Fleischer,  H,  O. 

Design  of  heating  equipment  for  veneer  logs, 

SODTHERN  LUMBERMAN  v.  177,  n,  2225,  p,  324, 

326-328,  330,  15  Dec  1948. 
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20:.  Fleischer  j,  H.  Oi 

HE^fBSfG  RATES  FOR  LOGS  ,  B0L®S,  AND 
FEITCHES,  T©  BE  GDT  INTO  VENEER.  ¥,S, 

Forest  Products  Eaboratoryi  Madisohj  Wise. 

Report  no,  2149.  June  19&9  .  18p. 

The  heating  of  logs  $  bolts ,  and  Sitches  to  be  cut  into  high-^iiUaiily  rotai^  or  sliced 
veneer  requires  a  knowledge  of  the  tenaperatures  appropriate  for  various  speeies 
and  eonditions ,  and  of  the  factors  that  control  the  attaininent  of  these  temperatures 
during  the  heating  process.  Good  equipment  and  good  control  of  the  heating  process 
are  essential.  Under  the  guidelines  given  in  this  paper  y  optimum  temperature 
levels  for  different  woods  and  different  conditions  oan  be  determined,  and  time 
schedules  can  be  caicutated  for  heating  in  steam  or  water,  Gptimum  temperatures 
can  be  determined  by  following  suggested  values  given  for  a  number  of  veneer  species 
Adjustments  must  be  made,  depending  on  the  quality  of  cutting  obtained  and  taking 
into  •jonsideration  other  species  factors,  such  as  tendencies  for  end-splitting, 
presence  of  hard  knots ,  and  color  changes  in  the  woods.  Three  steps  are  involved 
in  arriving  at  a  heating  schedule  applic^le  to  a  given  set  of  Conditions,  Mathemat¬ 
ical  analyses  have  provided  graphie  shortcuts  to  aid  in  taking  each  step.  The  first 
step  is  to  adjust  for  temperature  differeaGes  from  those  assumed  in  this  paper, 
namely  a  70®F,  initial  wood  temperature  and  a  212’F.  heating  medium  temperature. 
The  secoad  step  is  to  determine  the  time  required  to  attam  the  desired  temperature 
under  eoaditlons  where  the  heat  diffusivi^  factor  is  0.00027,  The  third  step  is  to 
adjust  the  time  thus  determined  to  take  into  account  different  dilfusiviiy  factors  that 
^ply  to  woods  of  different  densities  *  and  that  depend  on  whether  the  heating  is  done 
in  steam  or  in  Water,  irregularities  may  occur  in  the  wood  or  in  the  heating  condi¬ 
tions  that  may  necessitate  further  adjustment  of  heating  schedules,  A  number  of 
these  are  discussed  brieRy . 


21.  Fleischer,  H,  O, 

Heating  veneer  logs,  WOOD  v,  3,  n,  3, 

Mar  1948,  4p, 

Gives  heating  schedules,  based  on  experiments  carried  out  at  Madison,  for  obtain¬ 
ing  optimum  conditions  for  peeling  veneer  logs  of  White  Oak  (Quercus  alha),  Yellow 
Birch  (Be tula  lutea),  Sweetgum  (Liquidambar  styraeiflua)  and  Yellow  Poplar  (Lirio- 
dendron  tuljpf era) ,  The  figures  given  show  the  temperature  to  be  reached  by  the 
heating  medium  (steam  or  water),  the  temperature  to  be  attained  by  a  bolt  of  8  in, 
diameter,  and  the  approximate  time  required,  when  heating  in  water  or  steam,  to 
reach  the  optimum  temperature  for  bolts  of  12,  24  and  36  inch  diameter  over  bark. 
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22:^  Fleisfeher,  Hi  O:.  aiidi  LutZi.  J,  F„ 

Heating  veneer  logSi  WOOD  WORK- 
MO  DIOEST  V.S5,  n.  12^,  pi  161-166. 

Dec  I953i 

The  method  of  steaming  veneer  logs  at  high  temperatures  to  prepare  them  for 
veneer  cutting  does  not  result  in  great  saving  in  heating  time^  nor  in  an  improve¬ 
ment  in  veneer  quality  s  Gommensur ate  with  the  cost  of  installation  and  operation  of 
the  special  Steaming  equipment  that  is  required  for  the  prOeesSi 


23.  Fleischer,  H.  O.  and  Downs,  L.  E. 

HEATMO  VENEER  DOGS  ELECtRlGALEy. 

U.  S.  F'  ’est  Products  Laboratoigr,  Madison, 

Wise*  Report  ttOi  1958.  1953.  %. 

Presents  some  typical  data  (time,  voltj^e,  current,  and  power  consumption;  also 
average  temperature  atteined,  and  temperature  range)  for  yeilow  Birch,  Red  Oakj 
White  Oak,  Water  Tupelo  and  Swamp  Tupelo. 


24,  Fleischer,  H.  ©. 

THE  PERFORMANOE  ©F  WOOD  M  FIRE, 

U,  S,  Forest  Products  Laboratory,  Madison, 

Wise,  Report  no,  2202.  Nov  1966.  9p, 

This  report  concludes  that  there  was  a  need  for  more  basic  research  about  the 
mechanism  of  combustion  of  wood  and  other  eelluloslc  materials ,  and  of  methods 
of  imparting  resistance  s^ainst  combustion.  Many  theories  exist  about  how  wood 
may  be  flameproofed,  The  theories  of  greatest  interest  are  those  that  give  promise 
of  leading  to  effective  flameproofing  with  much  smaller  amounts  of  treating  mater¬ 
ial  than  are  now  found  necessary.  This  may  be  accomplished  by  (1)  use  of  coatings 
or  treatments  that  release  catalysts  to  interrupt  one  of  the  many  reactions  that  form 
the  chain  of  chemical  events  known  as  burning;  (2)  by  impregnating  with  a  material 
that  modifies  the  burning  process  so  that  less  of  the  flammable  tars  and  gases  are 
formed,  but  more  ehmrcoal,  water  ,  and  other  nonflammable  gases  are  produced. 
Strong  acids  or  bases,  or  substances  that  generate  strong  acids  or  bases  when 
heated,  have  the  desired  chemical  action  to  satisfy  the  second  theory.  They  act  by 
attaching  themselves  to  the  hydroxyl  groups  of  cellulose  and  upon  decomposition 


9 


LOCKHEED  MISSILES  8c  SPACE  COMPANY 


3-80-62-17/SB-«2:-28 

result  iii  the  release  ol  the  hydrogen  and  Oxygen  of  cellulese  aS!  water ,  leaving  only 
cafboa  behind.  The  ultiinate  solution  t©  the  problem  of  maMng  wood  more  aecept- 
able  from  the  fire  standpoint  lies  in  the  field  Of  basic  chemical  research  along  the 
lines  indicated  by  these  theoriesv 

25 i  Frejdini  A.  S,* 

Effect  of  radioactive  radiation  on  the 
physical  and  mechanical  properties  of 
wood.  JDEflEVOOBRi!!^ATW^SHGm 
PiWWYSEELEMKOST^  v.  7,  n.  9,  p.  18-15. 

1958..  (EngMsh  Trans,  by  E  j.  Zatorsld. 

Austr^ian  CSiE©  TE  4417.  1959i.  7p.  1 

Piseusses  some  Eussian,  English  and  American  investigations  on  the  subjeetr,  and 
gives  details  of  the  Strength  and  swelling  pressure  of  Scots  Pine  and  Ash  sub¬ 
jected  to  various  doses  of  radiation.  From  statistically  treated  results,  a  table 
is  drawn  up  showmg  the  deerease  in  wood  strength  under  (a)  shear  parMlel 
(b)  static  ben^ng,  and  (c)  compression  parallel,  for  (unspecified)  specimens  given 
from  50  to  sod  mega-r.e.p.  Eesulta  given  ib  kg,  sq,  cm.  in  the  order:  control 
SO  mega.  r. r. p. ,  500  mega,  r. e.p  were  for  (a)  74. 856;.  7,  22, 5;  (b)  825,660, 

83-55  fc)  365,385,260.6. 

26.  Goos,  A.  W, 

The  thermal  decomposition  of  wood,  ito 
Wise,  L,  E,  and  Oiahn,  E.  G,  WGOP 
GiffiMISTEY,  2d,  ed. ,  N.  Y,  ,  Eeinhold, 

1952,  Chapter  20. 

27.  Graf,  S.  H. 

IGNITION  TEMPEEATUEES  OF  VAEIOUS 
PAPEES,  WOODS  AND  FABEIQS.  Oregon 
State  College,  Coryallis.  Engineering  Ex¬ 
periment  Station,  Bulletin  no.  26,  1949  .  69p, 
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The  bulletin  is  basedi  on  data  obtained  with  senai-autoinatie  apparatus  carefully 
desired  to  give  eonditions  easily  duplicated  and  comparable  to  those  tbat  could 
exist  in  a  storage  warehouse  Or  a  similar  building.  The  substattces  were  tested 
under  conditions  of  variable  specimen  weight,  variable  heating  rate,  variable 
air  How,  variable  atmosphere  composition  and  variable  humidily ,  main  effort  to 
obtain  the  minimum  ignition  temperatures..  The  general  trend  was  toward 
lowered  ignition  temperature  widi  increase  in  sample  size ,  with  decrease  in  heat¬ 
ing  rate,  m»d  with  increase  in  osygen  Goneentration  of  the  atmosphere.  There  was 
in  most  cases  an  optimum  air  How  for  the  lowest  ignition  temperature ,  but  there 
was  little  or  no  effect  on  the  ignition  temperature  by  low  epncentepations  of  water 
vapor,  sulphur,  and  gasoline  fumes. 


28.  Gt.  Brit.  Joint  Fire  Research  Organi¬ 

zation.  ©epartment  of  Scientific  and 
industrial  Research  and  Fire  Offices' 
Gommissioa,  Jiondon. 

Prolonged  heating  of  woodi  ^  FRlE 
resiarGb  BOARD  Report  p,  s-io.  1948. 


29.  Hawley,  L.  F.  rnd  Wiertelafe,  j. 

Effect  of  mild  heat  treatments  on  the 
chemical  composition  of  wood. 

INDUSTRIAL  AND  ENGPEERING  CHEm^ 

SIRY  v,23,  p,  184-186,  1931, 

The  chemical  characteristics  of  samples  of  white  ash  and  Sitka  spruce  wood  were 
determined  before  and  after  heating  in  closed  tubes  at  138°  for  2,4  and  8  days. 
Losses  of  pentosans  and  AcOH  occurred  in  the  ash  wood  whereas  m  the  Sitka  spruce 
the  losses  were  hexosans  and  stable  cellulose.  The  metboxyl  content  of  both  woods 
was  practically  unchanged,  indications  of  a  change  of  carbohydrates  to  a  lignin¬ 
like  substance  were  observed. 


30,  Hearmon,  R,  R.  S,  and  Bureham,  J,  N, 

Specific  heat  and  heat  of  wetting  of  wood. 
NATURE  V,  176,  n.  4490,  p.  978.  1955. 
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Measurement  of  Specific  Mat  and  Mat  of  sorpMon  of  Beech  sawdust  give  general! 
agreement  with  the  finding  of  Clarke  and  Kelsey  for  Araucacia  idihikii ,  which  sug¬ 
gests  that  the  specific  heat  of  wood  containing  moisture  will  not  depend  ^eatly  on 
species. 


31.  Giordano,  G.  and  Cu-rro.j  f. 

EFFECT  OF  TEMFERATBllE  ON  SHEAR 
STRENGTH  OF  PQFEAR  WOOD.  Inter¬ 
national  poplar  C'ommissioni  6th  Session, 

Worfciing  parly  on  E^loitation  and  utiliza¬ 
tion,  Ronae,  1959.  FAO/G]P/Ut/9B.  1959. 

9p.  (In  French) 

Experiments,  designed  to  elucidate  grinding  properties,  were  made  on  saturated 
samples  (m,  c, )  nearly  200%)  and  from  two  stems  of  Clone  l,  2  if  Casale  Mon- 
ferrato.  Breaking  loads  in  shear  fell  from  18.04  kg.  /sd.  cm.  at  30  °C.  to  14. 16 
at  60  ®  and  8  , 6  at  90%  . 


32.  Horiike,  K.  and'Kato,  S. 

Heat  of  wetting  of  wood.  I,  Hy- 
drogen  bonding  and  swelling  of  wood. 

JAPAN  WOO©  RESEARCH  SOCIETT, 

JOURNAL  V. 5,  n.  5,  p.  181-185.  May 
1959,  (  hi  Japanese) 

Tabulates  the  mean  values  for  the  heats  of  wetting  for  Picea  iezoensis  with  water 
and  16  chemical  solvents.  A  CGrrelation  is  suggested  between  the  degree  of  swell¬ 
ing  and  heat  of  wetting,  and  the  swelling  behavior  of  the  wood  as  explained  on , the 
hypothesis  that  its  magnitude  is  direetly  related  to  the  intensily  of  &e  bonding 
between  the  constituents  of  wood  and  the  swelling  agent. 


33.  Kanter,  K.  R. 

The  thermal  properties  of  wood. 
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Pi  1957.  ( In  Eussx^)^ 

lising  data  irdnl  heat  measureiHents  of  BirOh  bloeks  tOO  x  100  X  10>  ffii  m.  ^  a 
nomogram  was  consirueted  for  determMing  the  eoefficients  of  thermal  eond- 
tietivity  and  diffusivi^  Of  liroh.  (Similar  work  has  heen  done  hi  the  0.  S;  S.  R . ) 
for  Oak.  So  ots  Pine,  and  Sibeffan  LarGh  )  Conelusions  reached  from  the  work 
are  that  the  speeifie  heat  of  wood  does  not  depend  upon  species  varying  only 
That  thermal  conductivily  is  greater  than  that;  and  that  dermal  conductivity  is 
greater  in  the  radial  direction  than  in  the  tangential. 


34.  Kelsey.  K.  E.  and  Clarke ^  L.  Ni 

Effect  of  temperature  and  initial 
naoisture  eontent  On  the  heat  of  wet¬ 
ting  of  woods  NATlIRE  Vs  ltd,,,  a.  4471. 
p.  83-$4s  195Ss 

The  authors  determined  the  heats  of  immersionai  wetting  of  wood  sampies 
(Araucaria  kinkii)  having  initial  moisture  contents  ranging  from  0  to  6. 24  g.  /g, , 
the  tests  being  made  at  3  temperaturess  The  results  showed  that  the  effect  of 
temperature  on  the  heat  of  sorption  is  adequate  to  aecount  for  the  departure  of 
Speeifie  heat  moisture  content  relation  for  cellulosic  materials  from  that  of  simple 
mixtures.  Sinee  the  effect  may  be  regarded  as  being  significant  only  at  m,  c’s 
O  s  12  gs  /g. ,  it  is  suggested  that  the  energy  of  the  binding  of  the  most  strongly 
held  Water  is  relatively  unaffeoted  by  temperature. 


35,  Kietaibl,  K. 

Tho  dry  distillation  of  wood  and  its 
thermal  balance ,  In  TRANSWORLD 
CHEMIGAL  engineering  CONGRESS, 

WORLD  POWER  CONFERENCE  ,  London, 

1936.  PROCEEDINGS  ^-  3,  p,  21-27. 

The  thermal  balanee  of  the  dry  distillation  of  wood  is  given.  The  conditions  for 
carbonization  and  for  converting  wood  into  gas  with  the  recoveiy  of  by^-products 
are  diseussed, 
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36.  Kilaharaj  K.  and  Suematsu,  A. 

InfiueiiGe  of  teinperatee  on.  the  cem- 
pf  essi^e  proper  ties  of  wood'.  iiM’ASJi 
WOOIJ  RESE^ytCH  SOCmm  JOERNAL 
Vsl,  n.2;j  p>.  47^51.  Fefe.  1955!.  (In 
J;apanese| 

Air -dry  and  oven-dry  wood  of  Cryptomeria  .i  aponica:,  changaecipar  is,  obtus  a,  Fagus 
crenata  and  Red  Lauan  (Shorea  negroseT>g^°? )  were  suhieeted  to  eonapressidn  I  land 
J^at  different  temperatures.  For  each  species  and  hoth  degrees  of  dryness ,  the 
Gompressive  strength  j  (  decreased  almost  lineariy  with  use  in  temperature  the  stress 
at  limit  of  proportionality  and  Young's  modulus  J^aiso  decreasing.  No  sl^ificaat 
differences  in  this  temperature  effect  were  observed  between  oven'^chty  and  alr^dry 
Wood. 


37.  Kltahara,  K.  and  Okabe  j  N. 

The  influence  of  temperature  on  creep  of 
wood  by  bending  test.  JAR  AN  WOO©  RE^ 

SE./^GH  SOCIETY.  JOURNAEV.S,  n.  1, 
p.  12'‘18.  Jan.  1959,  (In  japanese) 

Presents  graphs  showing  the  time  creep  relationship  in  Chamaecyparis  obtusa  at 
constant  temperatures.  Tables  indicating,  in  English,  the  values  obtained  at 
differenc  loads  and  at  different  intervals  are  ineluded, 


38.  Kollmann,  F,  and  Malmquist,  L, 

On  the  heat  conductivily  of  wood  and 
wood-based  materials.  HOLZ  ALS  ROH- 
UND  WERKST  y.  14,  n.  6,  p.  201-204. 

1956,  (In  German) 

The  thermal  conductivity  (I)  of  wood  parallel  to  the  grain  is  about  twice  that  across 
the  grain.  I  across  the  grain  is  highest  for  wood,  followed  by  chipboard  and  then 
fiber  board.  The  significance  of  these  relations  is  discussed. 
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39i  Landt  ,  G,  E;.  and  Bausiftannij  E .  0;. 

Initial  inflanamability  df  Gonstruetinn 
materiais;.  INEtlimilAL  ^©  ENGI- 
NEERMG  GKEMISTRY  v.  27iP.  2S8- 
291.  1935. 

A  mGthdd  of  testing  flaming  tendeney  was  devised  Using  eieeMG  heating.  The 
ignitidn  tiine  was  f elated  to  the  specific  heat  per  unit  volume ,  specific  heat 
conductivity  per  unit  volume  and  to  the  existence  of  mieroseopic  channels. 


40.  Eawniczak,  M.  and  Raczfkowsfcii  J. 

Effect  Of  temperatUiFe  on  the  strain 
recovery  in  wood.  NATUilE  v.  t92V 
p.  583=584.  1961. 

compression  experiments  at  several  temperatures  on  ^een;,  maximum  swollen 
beeeh^wOOdi  indioate  that  the  total  Strain  oeeurring  at  the  same  moment  after  un>- 
loading  ^e  wood  sample  (and  regarded  commonly  as  a  plastic  strain)  is  only 
apparentiy  piastic,  being  the  sum  of  thermo^elastic  ^and  retd  elastic  strains. 


41.  |.awson.,  D:,  I,  and  gimms,  p,  E, 

The  ignition  of  wood  by  radiation, 

BRITISH  JOfRNAE  OF  APPEIEP 
PHYSICS  V.  3  ,  n.  9,  p.  288-292, 

394-396,  Sept  1952, 

MijnlTniiTn  intensities  of  irradiation  required  to  ignite  wood,  with  and  without  pre- 
senee  of  pilot  flame,  have  been  determined,  and  found  to  be  approximately  constant 
for  nearly  all  species;  empirical  expressions  obtained  which  relate  time  taken  to 
ignite  with  intensiiy  of  irradiation  and  density  of  wood  for  these  two  types  of 
ignition. 
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#.  BeontW,  Ni.  L.  et  al 

Influeiace  of  high-  teiaporatuare'  daryiag  schedules 
oa  the  physical  and  meehanical  prop¬ 
erties  of  wood,  JDiREVOOBEABAfY- 
YiyilSHCHiA  PBOMYSHBENNOST*  v.  S  , 
n.  My  p,  3-^5,,  Oct  19&8,  (Engliishtrans, 
by  Mi  SladCi  Ausfefaiia.  CSiRO  TR- 
3800i  6p) 

Scots  Pine  boards  (length  100  cm. ,  width  20-4'5  cm.  thiclaiess  3-6  cm)  of  intitial 
m.  Gi  between  62..  4  and  103. 4%  wete  subjected  to  high  temperature  seasoniag 
(maximum  temperature  105  “-110  “c. )  using  two  schedules  developed  by  Soviet  Cea^ 
feal  Research  lastitute  for  Mechaaicai  Processiag  of  Wood  (CNilMOB)  or  else  super¬ 
heated  steam  (wet-buib  and  dry^bulb  temperatures  99  and  111°  respectively. ) 
Compared  with  eonveatioaal  m:7iag ,  the  duratioa  of  dryiag  was  reduced  by  a  factor 
2. 1-2;.  3.  Some  physical  aad  mehcanical  properties  of  the  wood  thus  dried  were 
determined  accordiag  to  the  Soviet  Staadard  COST  6336-52^  treated  statistically 
aad  compared  udth  those  obtained  for  controls  (wood  dried  by  eoaventioaal 
methods).  Bependiag  on  the  sehedule  used  (1st,  2ad  and  superheated  steam), 
the  follpiwag  mean  deviatioas  (in  %)  from  the  coatrols  were  obtained:  (1)  densily: 

-2. 0  ;0. 6;  (2)  compression  li:  -2, 8;  -4,5;  +4. 2;  (3)  speeific  work  in  impact  bend¬ 
ing.:  -6,  S;  6. 0;  6,0;  and  (4)  shear  II:  -6. 8;  «6,4-5. 0%, 


43.  Lickess.  C.  W, 

The  merits  of  steaming  Douglas -Fir 
veneer  blocks.  FOREST  PRODUCTS 
JOURNAL  V.  7,  n.  7,  n,p.  July  1957, 


44.  Lullin,  A. 

RECHERCHES  SUR  LES  TEMPERATURES 
D^ INFLAMMATION  DU  BOK  ET  SUR  LES 
ENDUITS  IGNIFUGES.  Geneva,  Imprimerie 
Albert  Kundig,  1925.  n.p,  (In  French) 
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HEATING  VENEEli  BGLTS  TG  IMPHOVE 
QUALITY  OF  DOUGLAS-FIR  PLYWOOD. 

U.  S.  Forest  Produets  LaboratOryt  Mladi-^ 
sob,  Wise  .  Report  no.  :2  i82.  Mi^  1960  . 

22p. 

The  quality  of  Douglas-^fir  plywood  is  directly  related  to  the  quality  of  the  veneer. 
Yeneer  quality,  particularly  its  smootteess  and  tightness,  can  he  improved  by  heat^ 
ing  the  bolts.  This  paper  deseribes  three  methods  Of  heating--hot  water  ,  steam,  or 
electricity ’^-and  discuSsoe  the  advantages  and  limitations  of  each. 

46.  MacLean,  J.  D. 

Average  temperature  and  moisture  reduction 
caiculstions  for  steamed  round  southern  pine 
timbers.  AMjERlCAN  WGOD  PRESERVERS* 

ASSOeiATION,  PROCEEDllGS  v,  32 
p.  256^279,  1936, 

47,  MacLean,  J,  D, 

Effect  of  heating  in  water  on  the  strength 
properties  of  wood.  AMERICAN'  WOOD 
PRESERVERS'  ASSOCIATION.  PROCEED¬ 
INGS  V,  50 ,,  p.  253-281,  1954. 

The  results  obtained  in  studies  of  the  eReet  of  different  water  temperatures  and 
different  heating  periods  on  the  strength  properties  of  small  matched  speeimens  of 
representative  softwoods  and  hardwoods  are  discussed.  Data  were  obtained  on  the 
following  sfeFength  properties  listed  in  order  beginning  with  the  one  most  affected: 

(1)  work  to  maximum  load,  (2)  modulus  of  rupture,  (3)  fiber  stress  at  proportional; 
limit,  and  (4)  modulus  of  elasticity. 
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Kfaefieanii  J.  iD. 

Effect  of  oven  heating  andi  hot  pressitig  On 
strengih  properties  of  wood.  AMERIGi^ 

WOOD  PRESERVEIIS'  ASSOCIATION.  PRO¬ 
CEEDINGS  V.  Sl»  p.  237-249.  19&5. 

Results  ©htalned  when  heating  in  both  the  oven  and  in  the  hot  press  showed  that,  ex¬ 
cept  for  the  influenoe  of  shrinkage  or  collapse,  the  bending  strength  properties  were 
Sifected  in  about  the  following  order  begitining  with  the  one  most  affected:  fl)  work  to 
niaMittUm  load  (2)  naodulus  of  rupture  fibre  Stress  at  proportionail  limit  (4)  modulus 
of  elastioityi  this  is  the  same  order  in  which  these  properties  were  affected  when 
steam  and  water  were  used  as  the  heating  mediums.  The  difference  between  the  rO'^ 
spective  strength  values  obtained  when  heating  in  the  oven  or  in  the  hot  press  was 
usually  not  so  marked  as  when  heating:  in  steam  mid  in  water.  The  results  of  oven 
heating  show  that  the  rate  of  loss  in  strength  was  much  less  when  heating  in  the  oven 
than  when  heating  in  steam  or  water  at  the  same  temperature  and  for  the  same  period. 
The  eiKects  of  heating  specimens  in  the  hot  press  were  sindlar  to  ihose  obtained  when 
they  were  heated  in  the  oven. 

49.  MacLean,  J.  C. 

Effect  of  steaming  on  the  strength  Of  wood. 

AMERiCAN  WOGD  PiffiEER^ERB'  ASSOClA^ 

TIQN.  PRCCEEDiNGS  V,  49,  0,88-112.  1953, 

The  data  presented  show  the  results  obtained  in  a  study  of  the  effect  of  different  steam 
temperatures  and  different  steaming  periods  on  the  strength  properties  of  small  matched 
specimens  of  representative  softwoods  and  hardwoods.  Data  Were  obtained  on  the 
following  meehanical  properties,  beginning  vdth  the  property  most  affected:  (1)  work  to 
maximum  load,  (2)  modulus  of  rupture,  (3)  fiber  stress  at  proportional  limit,  (4) 
modulus;  of  elasticity. 


5X).  MacLean,  J,  D, 

Effect  of  temperature  on  the  dimensions  of 
green  wood,  AMERICAN  WOOD  PRESER¬ 
VERS’  ASSOCIATION.  PROCEEDINGS  V,  47  , 
p>  136-157.  1952. 
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Ej^ertments  sliow  that  wheh  green  weed  is  heated  it  estpands  tangantially  and  shrinks 
radially  .  This  often  results  in  the  development  of  dbjeetionable  burst  eheeks  or  in 
star  checks  radiating  from;  the  pilhj  when  round  timbers  ^  or  sawed  tinabers!  con-^ 
talning  boxed  hearty  are  heated  in  steam;  or  in  hot  liquids  such  as  water  or  preserva^ 
live  oils.  A  discussion  of  factors  affecting  the  results  is  presented.  The  data  show 
that  after  the  dimensions  Of  green  wood  have  been  altered  %  heating,  they  do  not  change 
as:  long  as  &e  wood  remains  unseasoned. 


51.  MiacliCan,  S..  B, 

Ml  THOB  0F  GOMPUTING  THE  RATE  OF 
TEMPERATURE  CHANGE  IN  \V0CD  ANB 
PEYWCOB  PANELS  W^N  THE  TWO 

OPPOSITE  surfaoes  are  mabitaineb 
HI  bifferent  temperatures,  u.  S. 

Forest  products  LaboratoiT>  Madison, 

Wise.  Report  no.  140:6.  Sept  iOse.  34p. 

It  is  sometimes  useful,  as  in  hot-press  glumg.  to  know  the  rate  of  temperature  change 
in  Wood  and  pl3^ood  panels  of  any  given  thickness  when  the  two  opposite  faces  are  held 
at  different  temperatures,  This  information  is  applicable  in  estimating  the  approxi¬ 
mate  time  required  to  obtain  a  given  temperature  at  a  specified  distance  from  the 
surface,  as,  for  example,  in  finding  the  time  required  to  reach  the  maximum  temper¬ 
ature  at  any  point  in  a  panel;  in  studying  the  effect  of  temperatures  differenGes  be¬ 
tween  two  hot  plates  while  gluing;  in  estimating  the  amount  of  temperature  change  that 
will  occur  When  there  is  a  delay  in  elosiag  the  hot  press  after  loading;  and  in  sterili¬ 
zing  wood  vats  or  chums  with  hot  water  or  steam,  Methods  of  maMng  such  tempera¬ 
ture  deterininations  by  means  of  charts  which  eliminate  much  tedious  calculation  are 
presented  as  developed  by  studies  at  the  Forest  Products  Laboratory, 


52,  MacLean,  J,  B. 

Rate  of  disintegration  of  wood  under  different 
heating  eonditions,  AMERICAN  WOOB  PRE¬ 
SERVERS'  ASSOCIATION.  PROCEEBINGS 
v, 47,  p.  155-168.  1951. 
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f  his  paper  discusses  a  study  of  the  effect  of  different  heating  periods  and  different 
temperatures  on  the  phy  sicat  properties  of  wood  when  heated  in  steam:,  water  *  or 
an  Oven.  The  results  Wdl  be  of  interest  to  those  using  wood  where  it  wdl  be  ex¬ 
posed  to  various  teniperature  conditions,  or  to  those  who  must  heat  it  prior  to  use. 

5d.  Macijean,  3.  ip. 

ilAIT)  OF  TEMiPERATE®!}  GRANGE  IN  EAM- 
MATED  TIMBERS  HEATED  IN  AM  UNDER 
CONTROiLEED  RELATIVE  iMMlDlTy  GGNDI- 
TIONS.  Forest  Products  Laboratory,,  Madison, 

Wise.  Report  no.  R1434,  1943,  n.  p. 

54.  MacLean  j  J.  P. 

Rate  of  teniperature  change  in  shortd'ength 
round  tiiabers.  AMERIGAN  SOGMTY  OF 
MEGHANICAL  ENGiNEERS.  fRANSAGTiONS 
V.  68,  n.  1,  p.  i^t6.  jan  1946;  (discussion) 

V.  68,  n.  5,  p.  567.  July  1946, 

Faetors  affecting  rate  of  temperture  GhangO  in  wood  suitable  for  veneer  cutting; 
time  temperature  curves  for  determining  temperature  obtained  at  different  points 
in  short  length  log  sections  when  heated  in  steazn  or  hot  water  ;  exanapies  are  given 
illustrating  procedure  for  using  charts  in  finding  temperature  at  particular  point, 
under  different  heating  conditions,  Btblio^aphy, 

55.  Mac  Lean  ,  J.  D, 

THE  RATE  OF  TEMPERATURE  CHANGE  IN 
WOOD  PANELS  HEATED  BETWEEN  HOT 
PLATES.  U.  S.  Forest  Products  Laboratory, 

Madison,  Wise,  Report  no.  1299,  Nov  1960,  3 Ip, 
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TM  purpose  of  this  report  is  to  diseuSs  the  f  ate  of  temperature  ehange  in  wood  fee- 
tween'  the  heated  pfates:  of  a  hot  pf  esSi  as  in  the  hot-press  gluing  of  plywood,  of  undef 
Simll-ar  conditions  i  f!he  data  are  of  value  in  determining  the  time  requif ed  to  ofetaih 
a  desired  temperature  ^  Of  the  temperature  that  is  obt^ned  in  a  specified  time ,  under 
various  combinations  of  wood  and  heating  Gonditions. 

56>  MaelLiean,.  B. 

Slelation  of  wood  dens%  to  rate  of  tempera^ 
ture  ehange  in  Wood  in  ddfef  ent  heating  medium 
ums.  AMERIGO  WOO©  PRESIRVERS' 

ASSOGIATliDR.  PROGEEDENGS  V- 36,  p.  220-24f8, 

194:0, 

'fhis  paper  discusses  results  obtained  in  a  study  of  the  relation  of  factors  affecting 
the  rate  of  temperatuf e  change  in  wood  and  shows  methods  for  lindiog  the  time  re¬ 
quired  to  heat  timbers  of  different  woods  to  any  desired  temperature  at  various  dis- 
tanoes  from  the  surface  when  different  heating  mediums  and  temper atures  are  used. 

67.  MacEean,  d.  B. 

Studies  of  heat-  conduOMon  in  wood-# 

Part  n«-  Results  of  steaming  green 
sawed  southern  pine  timbers,  AMER¬ 
ICAN  WOOD  PRESERVERS’  ASSOCIA¬ 
TION  PROCEEDINGS  V,28,  p,  303-329, 

1932. 

58.  MacLean,  d.  D, 

Studies  of  heat  conduction  in  wood — 
results  of  steaming  green  round  southern 
pine  timbers.  AMERICAN  WOO©  PRESER¬ 
VERS'  ASSOCIATION,  PROCEEDINGS  v.  26;, 
p,  197-217.  19.30, 
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59.  MiadiLeani  J.  Pi 

TeiHperature  aiid  moisture  ch^ges  in 
coast  Pouglias  fir.  AJlEillGiitN  WOOD 
PKESERVERS'  ASSOGlATiON.  PRO- 
CEEDINOSi  v.  3;l,  pv77-l&3;.  11935. 

Rates  of  temperature  change  in  green  and  air-seasoned  Pouglas-fir  heated  in  coal- 
tar  ereosote  were  determined.  The  amount  of  HwO  reduction  occurring  in  the 
heartwood  and  sapwood  when  green  Douglas  fir  timbers  are  heated  in  creosote  under 
vacuum  and  rate  of  temperature  change  wben  heated  in  steam  are  also  discussed. 

60.  MacLean,  j.  D. 

Temperatures  in  green  southern  pine 
timbers  after  various  steaming  periods. 

AMIRIOAN  WOOD  PRESERVERS' 

ASSOCIATION.  PROGEiDRJGS  v.  30 , 
p.  355-373.  1934, 

Method  of  conducting  tests,  formulas  used  in  making  computations^  and  tables 
showing  computed  temperatures  for  timbers  having  varipus  cross^seOtional 
dimensions. 

61.  MaeLean,  J.  D, 

TEMPERATURES  OBTAINED  IN  TIMBERS 
WHEN  THE  SURFACE  TEMPERATURE  IS 
CHANGED  AFTER  VARIOUS  PERIODS  OF 
heating,  U.  S.  Forest  Prpduets  Labor¬ 
atory,  Madison,  Wise.  Report  no.  1609. 

Mar  1956.  60p. 

The  purpose  of  this  paper  is  to  shew  when  the  approximate  wood  temperature  may  be 
determined  at  any  time  mter  the  surface  temperature  is  changed  and  to  discuss  the 
various  fields  in  which  this  information  may  be  used. 
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62..  Mae-Lean,  3.  0. 

Tiber  mai  eondudttvily  of  wood.  HE  ATING  , 

PIPING  ANG  AIR  CONDITiONRIG  .  v.  13 , 
n.  6.,  {S.  3'8(j-39l,  Jiine  1941;  see  also 
MECHANIGAL  ENGiNEERlNG  v.  63,  n.  16, 
p;.  T34-^i735.  Get  1941 

Results  ef  large  nunaber  df  beat  conduetiviiy  escperinttents  that  have  been  made  during 
the  last  five  years  at  Forest  Produets  Laboratory  to  deternilne  influence  of  some  of 
more  important  variables  on  thermal  eonduetivi%.  Before  Amerlean  Soeiety  of 
Heating  and  Ventilating  Engineers.. 

G3i  MacLean,  p. 

Thermal  conductivily  of  wood.  AMERIGAhi 
SOGLETY  Qt  HEAf  ING  AHp  VENTILATING 
ENGRIEeRS.  JGPRNAL  Sect. .  HEATRiG. 

P^iNG  AHP  AIR  GONpITlGNtiG  V.  47,  n.  6, 
p.  323.^354,  june  1941 

This  paper  reports  and  diseusses  the  resiflts  of  a  large  number  of  heat  condueMviiy 
expsi’toents  that  were  made  from  1935-1940  at  flie  Forest  products  Laboratei^  to 
determine  the  influence  of  some  of  the  more  important  variables  on  thermal  conduct-^ 
ivHy, 

64.  MacLean,  3.  D. 

Thermal  eonductivily  of  wood,  AMERIGANi 
SGGEETY  GF  HEATING  AND  VENTILATING 
ENGINEERS,  TRANSACTIGNS  v.  47,  p.  1184- 
1195,  1941. 
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65:.  Mcfeughtoft,  'Gr,.  C-. 

IgnitiQtt  and:  chanr iflg  temperatures  of 
wood.  mjOB  PROBUCTS  v,  SOv  % 
p.  21-22  .  1945;;  aiso  in  Forest  Produets 
Lafeoratory;,  Madison;,.  Wise,  Report  no. 
1464. 

A  review.  7  referenees. 


66.  MeNaughtOn.j.  G..  G.  and  Harrison,  €,.  A. 

Fire  resistance  tests  of  plywood  covered 
wall  panels.  SOfJf EiiRN  MMiERMAP 
V.  163,.  noi.  2651,  p:.  31-33.  |5  Sept  1941 

Study,  by  Forest  Produets  Eaboratory,,  pf  fire  resistance  of  plywood  wall  units  when 
exposed  uniformly  to  fire  over  one  face  of  structure  described;;  purpose  was  to  learn 
degree  to  which  resistance  to  fire  was  affected  by  changing  details:  Of  COnsiruCtion, 
suGh  as  Mnds  Of  plywood  usedi  width  of  studs  employed*,  and  type  Of  insulation  se- 
leoted;  most  of  tests  made  on  specimens  Measuring  2  by  2  ft. 

67  j  Merritt  j  R.  W.  and  ^tete,  A.  A, 

Partial  pyrolysis  of  wood.  RlBUS- 
TRIAL  ANB  ENGfNEERiifG  CHEMISTRY 
v.  35,  p.  297-361,  1943., 

When  oak  wood  is  heated  in  an  atmosphere  of  steam  at  atmospheric  pressure,  partial 
pyrolysis  commences  below  180°.  At  240°  the  modified  wood  retains  its  crushing 
strength  and  shows  smaller  volume  changes  than  the  original  wood  When  its  moisture 
content  is  varied.  At  that  temperature  the  pentosans  have  been  almost  complete  de- 
eomposed,  but  2/3  of  the  Gellulose  remains  and  ttie  lignin  shows  an  apparent  increase. 
Three  quarters  of  the  total  acid,  and  half  the  furfural,  but  no  MeOH,  appear  in  the 
condensate.  The  temperature  range  of  240-260°  is  eritieat  inspite  of  control  of  ex- 
othermie  reactions;.  At  260°  the  pyrolysed  wood  has  a  decided  lower  erushing 
strength  and  commenees  to  show  charring.  The  cellulose  has  been  almost  completely 
destroyed  and  the  lignin  cannot  be  determined  because  of  the.  presence  of  eharco^. 
Only  one  third  of  the  MeQH  has  been  evolved  at  260°.  Most  of  it  is  evolved  a,bove  280°, 
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The  proauets  at  400°  show  sustantMiy  the  same  MeOH  as  4fi  common  practice  andi 
25^  more  acids  ^  the  main  increase  feeihg  in  formic  and  propionic  acids. 


68.  Miniutii,  V.  IP. 

fire^resistanee  tests  of  soMd  wood  flash 
doors.  FOREST  PROOtlGTS  JOURNAL  v.  8* 
n.  4^  pi  i41-M4,  Apr  1958 

Pescribes  two  series  of  tests  with  1  3/4  in.  doors,  3  ft.  wLde,,  made  of  PonderOSa 
Pine  cores  j  Birch  faces,  mid  various  cross^band  and  edge  veneers  j  hung  in  fire- 
retardant  wood  frsdnes  or  steel  frames,  showing  for  all  types  an  effective  resis¬ 
tance  of  Ca»i/2  hour  . 


69.  Mitchell,  R.  L. ,  Seborg,  R.  M.  and 

Milietti  Mi  Ai 

Effect  of  heat  on  the  properties  snd  cheniieai 
composition  of  Pouglas^^fir  wood  and  its  major 
components,  fpRESf  PRpPtJGf s  IESEARGb 
SOQIETY.  (fOURNAL  v,  S,  tt,  4,  p*  38-42, 

NOV  195$, 

The  effect  of  heat  on  the  properties  and  ehemicail  composition  of  Pouglas-fir  eross 
sections  and  sawdust  free  from  extractives,  and  the  lignin,  alpha-Geilulose,  and 
hemicellulose  isolated  from  the  sawdust  was  investigated.  The  materials  were  heated 
at  different  temperatures  for  different  lengths  of  time  in  a  closed  system  under 
pressure  and  in  an  open  system  with  and  without  cireulation  of  air  or  nitrogen.  Var¬ 
iations  in  the  heating  conditions  not  only  affected  the  chemiqai  eompositiOn  of  the 
volatile  products  and  the  residue  j  but  also  affected  the  hygroscopic  and  dimensional 
change  properties  of  the  residue  considerably. 


7Q.  Noaek,  D. 

Sorption  of  wood  at  elevated  temper¬ 
atures  and  water  vapor  pressures. 
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mm  MM  «N©  WBRIQST 
Vi  17;^  Hi  5  j,  p»  2~5^2®i  ISSff 
(Mi  ©erman) 

The  author  desGribes  equipment  for  measuring  the  sorption  of  water  vapor  at  temper¬ 
atures  Up  to  130“  and  vapor  pressures  up  to  2. 75  /sq.  cmi  The  observed  values 
are  somewhat  higher  than  the  values  obtained  by  extrapolation. 

71.  Norris  ,  D;.  B. 

BoW  long  does  it  take  to  bond  hot-r 
press  plywood.  HJlRBWOOID  RECORip 
Vi  76,  p.  12-13.  dune  10:3$. 

72.  NorthcOtt,  P.  B.  and  eolbeek,  R.  6.  M. 

The  effect  of  dryer  teMperatures  on  the 
bending  strength  of  pouglas-fir  veneers. 

FpRESf  MOPijeTS  jOWfAL  V.  9,  n.  0. 
pi  202-297.  1959. 

High  temperatures  and  drying  beyond  the  oven-dry  eondition  both  redueed  the  statio 
bending  strength  of  heartwood  Veneers.  Though  at  375*,  the  eombined  effect  was 
neligible,  at  450°  it  was  often  Serious ,  Differences  between  trees,  and  also 
lathe  checks,  caused  heat  variation  in  values,  nne  eoncluslon,  reached  by  extra¬ 
polating  strength  changes  in  veneers  of  different  thickness  (0. 025-0, 14  in. )  that 
surface  fibers  Were  more  degraded  than  centre  ones ,  was  doubted  in  discussion 
on  grounds  of  lack  of  data  for  lower  temperatures, 

73;.  Ochi,  S, ,  Yamazaki,  J. ,  and  Sumiya,  S. 

Thermal  decomposition  of  wood  and  the 
influence  of  alkali  metal  salts  of  various 
organic  acids  on  it,  KOGYO  KAGAKI 
ZASSHi  v.  40>  Suppl,  binding  213  .  1937. 

(In  Japanese) 
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E3q)eriments  caafried  out  with  view  to  finding  cheap  and  effective  fire  retardaht  fdr 
wood  araong,  eadts  of  organic  acids . 


74  i  Ogarkova,  f .  V. 

I’emperatiire  deforinations  of  wood  during 
heating.  DEREWOBlAB^tY¥AtUS€HAl4 
PROMySHEEimiDST^  V.  n»  5  j  p^  17-18, 

May  1956,  (In  Russian) 

Biroh-wood  test  pieces ,  12  x  1  x  l  e,  na.  were  weighed  and  then  heated'  to  a  constant 
tenaperature  in  a  therinostatically  contpojled  oven,  the  corresponding  changes  in 
linear  diniensiott  (resnlting  from  thernial  expansion  and  shrinkage  due  to  unavoidable 
drying  being  concurrently  nieasured»  \^en  the  test  piece  had  reached  a  constant 
teEaperaturei  it  was  weishted  in  sito,  and  iaaintained  there  for  some  time  while 
dimensional  changes  (due  to  shrinkage  only)  were  measured.  Finally  it  was  again 
weightedi  This  procedure  enabled  the  thermal  expansion  to  be  determined^  For 
Birch  wood  Of  11,  sf^initiai  m.  e,  the  GOeffieient  of  thermal  expansion  was:  along 
the  grain  lO.  o  x  l6~  ■  (total  temperature  change  77 ’6) »  and  across  the  grain  71  x  lO”  ■ 
(total  temperature  change  79 -) .  the  coefficient  of  shrinksge  was :  along  the  grain 
0, 0049%  (total  m,  c,  change  5, 14%;);  and.  aGfoss  the  pain  0;,  2f6%  (totai  m,  e.  change 
3,55%).  Thus  shrinkage  per  1%  t&i  c,  pr oduGes  the  same  deformation  as  a  temper^ 
ature  change  of  35^  (across  the  grain)  and  of  5%  (yiong  ae  pain). 


75  *  Opr  a,  f , 

Effect  of  temperature  on  the  moisture 
conductivity  in  wood  and  on  the  str  ain 
developed  in  Wood  as  it  dries.  JAPAN, 
FOREST  EXPERIMENT  STATION,  TOKYO, 
V.  77,  p,  35-68,  1955,  (English  trans, 

U,  S.  Forest  Products  Laboratory.  TR  415, 
13m) 
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Bsing  tke  same  materiai=  (Quercus  Mreaiis^^,  teehnique  and  laberatory  as  Js  M.  McMulien 
tbe  effeets  on  diying  ef  temperatures  of  95  j  lio,.  125  and  Mo®  E.  are  detailed  .  The  5 
page  English  summary  and  3  page  appendix  on  formula  ealculationsi  deal  with  eo^ 
efficients  for  evaporation  at  constant  drying  rate,  moisture  diffusion,  moisture  cond^ 
uctivity ,  strain  pattern,  moisture  distlFibution  at  maximum  strain,  magnitude  of 
maximum  strain,  immediate  stress  and  stram  and  permanent  set,  and  care  in  Min 
operation. 


7'6.  Ogura,  T.  and  Umehara,,  M. 

©n  the  effect  of  temperature,  fiber 
direction  and  thickness  of  board  on 
the  diffusion  coefficient  of  wood. 

JAPAK  WOO©  HESEABCH  SOGIETY. 

JOURNAL  V,  3,  n.  2,  p,  51-56,  1957, 

(In  japanese) 

The  quantities  of  moisture  moving  through  test  pieces  of  Chamaecyparis  obtusa  kept 
at  constant  temporatures  were  measured  but  no  defmitlve  cbnciusiohs  bbuld  be' 
reached  on  the  effect  of  temperatime  on  the  dilbsiQn  coefficient  A  cf  wood.  The  \ 
of  end  p’aln  is  iarger  than  that  of  Rat  and  quarter  grain,  Tbe  value  of  \  increases 
with  board  thicMeSs. 


77,  ©hnumai  K.  and  Saito,  M, 

some  aspects  of  the  effect  of  tempera¬ 
ture  upon  the  shrinkage  of  woGd, 
JAPAN,  FOiREST  EXPERIMENT  STA¬ 
TION,  TOKYO,  BULLETIN  V.  116, 
p,  75-84,  1959>  (English  trans. 
Forest  Products  Laboratory,  Canada. 
TH  134.  1959,  8p), 
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In  a  detailed  study  j  test  speeimens  of  Hinokl  fehamaeeyparis  obtusa)  were  brought 
to  oven  dryness  froin  green  and  fire  saturation  point  itti  cOfiftant  temperatures  Of  35  ^ 
55 ,  75  j  and  95  °C.  The  course  of  moisture  loss,  tot^  slminkage  rate  of  shrinkage  per 
unit  time  and  its  ratio  to  totai  shrinkage  at  e^  m.  c.  reiation  between  shrinkage  and 
m.  G,  and;  between  shrinkage  at  the  surf  ace  and  at  various  depths  (to  30  m^  m, )  in 
the  specimen  are  shown  in  graphs  with  English  captions;  Mso  the  reiation  between 
shrinkagei  m.e.  sixess,  and  hot  pressmg  (105°  €;.  and  0.  3-4. 2  kg, /sq>.  cm). 

78.  Perkitny,  T. ,  Lawniczakj  and  Siarciniak,  H, 

The  influence  of  steaming  on  the  swelling 
pressure  Of  wood,  HOLZ  ALS  SOH-  IJl® 

WERKST  V.  17i  n,  2*  p.  54-61.  1959, 

(English  tranSi  by  J,  Hardy.  Australia, 

CSIRG)  TR  4804,  16p.) 


Samples  of  Beegh  sapwood  36  x  30  x  20  m.  m. ,  carefuily  prepared  from  pieces  that 
had  been  steamed  for  0,  1,  2,  or  3  hours,  were  used  in  investigations  on  water 
absorptioni  free  sweiling  and  swelling  pressure,  Results  are  tabulated  and  graphed. 
Allhough  the  final  rnaximum  values  for  free  sweliing  were  not  lowered »  but  were 
rather  slightly  increased  by  steaming,  a  marked  and  lasting  reduction  in  the  maxi¬ 
mum  Swelling  pressure  of  the  steamed  samples  was  recorded. 

79.  Perry,  T,  D,  and  Bretl,  M.  F, 

Hot  pressing  technique  for  plywood. 

AMERICAN  SOCIETY  OF  MECHANICAL 

ENGINEERS.  TRANSACTIONS  v,  60,. 

n,  1.  p,  69-76,  Jan  1938. 

History  of  cold  pressing  with  various  adhesives ;  development  and  adoption  of  hot 
pressing  with  thermosetting  synthetic  resin  adhesives  which  are  more  water  resis¬ 
tant  than  adhesives  developed  for  cold  pressing;  various  tspes  of  domestie  and  foreign 
hot  presses ;  effeet  of  heat  on  tensile  strength  of  wood,  characteristics  of  resin  film. 
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SOi  Prittee,  ®t\  Ei 

Tests  on  the  in£lana;saabili%  Qf  un¬ 
treated  wood  and'  wood  treated  with 
fire  retairding  eompounds..  In 
NATiQNiAL  FiitE  PE10TECTJ£)N  ASS0- 
CIATiON^.  PROCEEDINGS.  19T5,  n.|>. 

81*  Runkel  j  R*  O*  H.  and  Wilke,  K*  D. 

Thepmop'lastic  properties  of  wood. 

HOLZ  ALS  ROM-  tiND  WERKSTOFE  v*  9^ 
p.  260-^270.  1951.  (In  Gernian) 

Wood  (beech  and  spruee)  was  heated  under  different  conditions  of  time,  tenaperatupe, 
pressure,  and  moisture  content.  With  temperature  as  variable  (200  atni.  *  4  min. , 
15%  MwQj  tip  to  190“)  i  totsd  carbohydrate  drops  rapidly  (especially  beech);  alpha- 
celluidse  shows  little  change;-  lignin  increases  very  slighllyi  total  solubles,  (H^) 
and  EtOH)  increase  rapi^y,  espeeially  at  170“  where  total  carbohydrate  decreases 
HaO  absorption  and  swetling  (28  days)  decrease  rapidly;  bending  strength  increases 
td^a  maximum  at  180*;  and  touglmess  increases  very  slowly  to  a  maximum  at  180“ 
With  RgO  Gontent  as  variable  (200  at. ,  4  min. ,  185“,  up  to  30%  HoO),  at  up  to  5% 
HaQ  there  is  very  little  decrease  in  total  Garbohydrate  and  very  intle  increase  in 
tdlal  solubles>  With  increasing  H-O  content  total  carbohydrate  drips  to  a  constant 
value  at  20%  Hrt^O  and  total  solubles  increase  to  a  constant  value.  Strength  rises  to 
a  maximum  atT.0%  HoO  and  then  drops  rapidly,  Two  general  types  of  reactions  m?e 
discussed  to  explain  me  data:  (1)  hydrolysis  of  hemieellulose,  and  (2)  condensation 
(e.  g.  furfural)  to  resinous  material.  The  latter  aceounts  for  thermal  plasticily  Of 
wood  and  for  the  reduced  swelling  and  water  uptake. 


82,  Seborg,  R.  M. ,  Tarkow,  H.  and  Stamm.  A.  J, 

Effect  of  heat  upon  the  dimensional 
stabilization  of  wood.  FOREST  PRODUCTS 
RESEARCH  SOCIETY,  JOURNAL  v.  3,  n,  3, 
p.  59-67,  Sept  1953. 
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Thermkl  tf  eatmeat  of  wood  in  the  presence  or  idbsence  of  o^^gen  leads  to  a  reduetion 
in  sweiilng  eapadiiy  (in  water)i  Simultaneously  there  oeeur  severe  losses  in  toughness 
and  abrasion  resistance^ 


83.  Stammj,  A.,  j.  and  Hansen,  %>..  A. 

Minimizing  wood  shr  inkage  and 
swelling--effect  of  heating  in  various 
gases.  ESflDHSTlimL  Am  ENWEER- 
ING  GHEMISTRY  v.  29  y  p.  831-833. 

1837. 

Specimens  of  white  pine  9  x  2  x  0. 6  cm.  were  heated  in  a  bomb  in  atmospheres  @f  Kg, 
air,  Og  and  Kiuminating  gas  to  several  temperatures  fcr  short  intervals  of  time, 
then  soaked  in  water  for  five  days ,  The  pine  heated  in  H„  at  165  °  for  as  short  a 
time  as  15  minutes  with  and  without  soaking  m  water  forTive  days,  then  brought  to. 
equilibrium  at  26. 7°  under  90  and  30%  humidities  for  two  weeks,  gave  an  anti- 
shrink  effieiency  (wt. ),  6, 3%  (A^thout  spaMng):  and  1. 8%  (with  soaking)  respectivelyi 
When  heated  for  two  hours  under  these  aame  Gonditions  the  efficlenGies  were  17.  o 
and  11. 4%,  respeetiveiy.  Ituniinating  gas  gave  somewhat  higher  values  than  for 
Hg:.  Air  gave  v^ues  slightly  under  those  for  iiluminating  gas  while  Og  gave  con¬ 
siderably  higher  values  . 


84.  Stamm,  A.J.,  Burr,  H.  K,  and  iGiae,  A. A. 

StaybWOod.  .  .  Heat-^Sitabilized  wood. 

INDHSTRIAL  AND  EPGRiEERlNG  GIHEMl- 
STRY  V.  38,  p.  630-640,  1946. 

Extensive  data  are  presented  on  the  reduetion  in  hygroscppiGity  of  wood  when  heated 
beneath  the  surface  of  a  molten  metal  over  the  temperature  range  120°  to  320°  and 
time  range  of  1  minute  to  l  week.  The  degree  of  reduetipn  in  hygroseopieity  and 
equilibrium  swelling  md  shrinkage  for  a  given  time  of  heating  is  practically  doubled 
for  each  10°  rise  in  temperature.  Reductions  in  hygroseopieity  ure  shown  to  be 
accompanied  by  appreciable  inereases  in  decay  resistance  and  significant  losses  in 
strength.  Serious  losses  in  strength  for  msmy  possible  uses  are  not  obtained  until 
the  reductions  in  hygroseopieity  and  antishrink  efficieney  exceed  50%, 
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85.  A.  J. 

Thermal  degradation  of  wood  and 
celMose.  ®1«JSTRIAL 
ENGINEERING  C3HE]VIISTRY  v.  48;, 
o>  3i,  p*  4i3H17.  filar  195C 

Weight  toss;  of  ^ood  when  heated  either  i®  an;  oven  or  beneath  the  suriaoe  of  a 
molten  metal-  follows  first-order  reactioni  ratea.  Aetivation  energies  have  been  eal- 
culated  for  the  degradation  booth  from  weight  loss  and  from  sirength  loss  data; 
these  are  similar  Extrapolation  of  data  indicates  little  degradation  of  wood  in  one 
hundred  years'  storage  at  room  temperature  under  dry  conditions. 

86.  Stamm,  A,  J.  and  SjOughbOrGugh,  W.  K. 

Thermodynamics  of  the  swelling  of  wood, 

JOURNAjL  Of  f RySICAL  CREMlSTRy  v,  39 , 
p.  121-132.  1935. 

iDeterminatioas  were  made  (for  the  system  Sitka  spruGewood-water)  of  the  relative 
vapor  pressure-moisture  content  desorption  isotherms .  Temperatures  varied  from 
room  temperature  to  lOO^j  and  eonditions  were  Garefully  eontr oiled  to  minimize 
the  ^steresis  effect,  fiber-saturation  points  deerease  linearly  with  increasing 
temperatures  and  are  reduced  by  0, 1%  per  1"  rise.  Smopth  curves  were  formed 
(with  zero  values  at  the  fiber  saturation  point)  for  the  differ ential  heats  of  swelling, 
and  free  energy  and  entropy  which  were  caieulated  over  tihe  entire  sorption  range, 
The  relationship  between  mechanism  of  sorption  and  the  nature  of  these  curves  is 
discussed,  Oomparative  data  on  the  heats  of  sweliing  and  free  energy  and  entropy 
changes  for  the  swelling  and  solution  in  H^O  of  various  (biological)  organic  sub¬ 
stances  and  for  HgSO^  are  included. 

87.  Stamm,  A.  J.  and  Loughborough,  W.  K. 

¥ariation  in  shrinking  and  swelling  of 
wood,  AfilERICAN  SOCIETY  OE  MECHAN¬ 
ICAL  ENGINEERS,  TRANSACTIONS  v.  4, 
n,  5,  p.  379-386,  1942. 
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While  forces  that  cause  wodi  to  shrink  and-  swell  are  ehcnfiieal  in  nature,  factors  which 
ittHuence  degree  of  external  diinensions  change  are  largely  physical  or  naechanical:; 
orientation  of  structural  units ,  specific  gravify  or  porosity  of  wood,  and  stresses 
set  up  hy  moisture  gradients  determine  chauige  in;  external  dimensions  as  wood  loses 
or  gains  moisture. 


88.  Stevens  j,  W.  C. 

The  thermal  expansion  of  wood.  WOOD 
(liondonl  v.  25,  n.  8,  p.  328-329. 

Aug  1960;. 

Describes  and  illustrates  the  apparatus  used  in  experiments  to  determine  the  co^ 
efficient  of  thermal  eapansion  of  moistureiess  specimens  of  Beech  and  Scots  Pine. 
The  experiments  showed  that  thermal  movements  of  wood  are  of  small  signifieanGe 
being  ca:  1/18  and  1/15  that  Of  the  correspOndmg  moisture  movements  in  Beech  and 
Pine  respectively. 


89  ,  Tamaru,  s. ,  Imaij ,  Y*  and  Momma,  Si. 

Physicochemical  studies  of  wood.  JAPAiii 
OBEMeCAL  SOCllTY,  JOITOID  y,  55, 
p,  30 1934.  (In  japanese) 

About  30  anti^ignlting  chemicals,  (NH4)2  HPO4,  H3P04»  (NH4)2  S04,  etc.  ,  were 
tried.  These  ehemicals  decreased  the  gaseous  formatibn  froni  the  thermal  de* 
composition  of  wood,  especially  below  red  heat,  The  prevention  of  gaseous  formas' 
tion  by  the  chemical  treatment  was  greater  in  wood  than  m  pure  cellulose  at  500°  ? 
but  this  effect  was  reversed  when  they  were  heated  at  700°.  Therefore,  the  lignin, 
and  not  cellulose,  in  wood  is  attacked  at  500,  Different  chemicals,  did  not  give  the 
same  effoot,  hut,  with  the  same  chemical,  the  more  the  wood  was  impregnated, 
the  less  was  the  gaseous  formation  by  heat.  The  rate  of  decomposition  of 
wood  by  heat  treatment  is  estimated.  There  is  a  disGontmuity  in  gaseous  and  charcoal 
formation  from  wood  at  310^320°  if  heated  at  high  temperature  for  many  hours. 

Quick  heating  of  wood  in  a  white  hot  furnace  caused  the  loss  of  G  as  volatile  gas  and 
decreased  the  rate  of  earbonization.  The  charcoal  showed  less  densify  and  hardness, 
while,  slow  beating  gave  a  product  of  high  density  and  hardness.  Wood  impregnated 
with  ZnCln,  H‘ SO.,  HoPO^,  etc, ,  gave  loss  contraction  on  heating  and  gave 
eharcoals  of  high  oens^  and  hardness.  Carbonization  of  wood  without  any  oxidation 
proeeas  caused  the  formation  of  inactive  G;  active  C  was  not  formed  by  heating  the 
wood  below  550°  even  when  it  was  impregnated  with  HgSO^  or  HgPO^;  impregnation 
with  ZnGlg,  produced  activation  at  low  temperature. 
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90:.  TreesdMef  V. 

THERMAL  iSrSIIiLltflON  MM)E  OE  W©OE-BASE 

3VLA:TERI4LS»  if.  S.  Forest  Products  Laboratory, 

iVfadison,  Wise,  Report  no,  1740,,  Rev,  ,  0Gt  58  j  76p. 

Basic  itiforijaatioii  on  the  therHiali  insuiation  of  wood  and  woOd^base  materiais  j  include 
iag  their  influence  on  fuel  econoniy,,,  comfort  of  oCcupaUts,,  attic  veatiiationj  vapor 
barriers ,,  fire  hazard,  and  coid  weather  condensation  is  presented,  Jtlso ,  included 
are  procedures  necessary  for  calculating  the  thicfeness  of  insulation  required  for  a 
speeified  instaiiation.  The  aimsi  of  this  report  are:  ^1)  to  assist  in  a  careful  estima'^ 
tion  of  where,  when,  and  why  insulation  is  needed;  f2|  to  show  how  the  different  wood^ 
base  materials  meet  specific  requirements;  P)  to  emphasize  some  of  the  prineiples 
frequently  overlooked  that  should  be  followed  in  the  proper  installation  of  insulation. 


9i,  Trapp,  W,  and  Pungs,  L, 

Effect  of  temperature  and  moisture  content  on 

the  dielectric  properties  of  untreated  wood  over 

a  large  ;fe‘6^en<y  range,  HOIiZFC>RSCIipN(l, 

V,  10:,  no,  5  ,  p,  144‘i50’i  1958,  |En  Germ^) 

BieleGtrid  values  of  sprueewood  were  measured  and  loss  factors  were  determined 
under  conditions  in  which  the  frequencies  and  the  moisture  varied  at  constant  temper-^ 
ature  or  in  which  the  frequen^  and  the  temperature  varied,  and  the  percentage  of 
moisture  remained  constant,  From  an  e^enslve  series  of  tri'^Siensionai  napdels  and 
from  graphs  ,  it  was  shown  that  dieleetrie  behavior  is  of  3  types,  corresponding  to 
3  types  of  Sorption.  The  authors  attempt  to  explain  their  data  in  terms  of  the  theories 
of  Debye ,  Wagner ,  phnzer  and  others. 


92-  Truax,  T,  R. 

FIRE  RESEAHCii  AND  RESULTS  AT  THE  FOREST 
PRODUCTS  LABORATORY,  U,  S.  Forest  Products 
Laboratory,  Madison,,  Wise,  Report  no.  1999, 

Oct  59,  14p, 

Investigations  of  the  ignition  temperature  of  wood,  while  informative,  have  not 
yielded  results  that  can  be  used  for  predicting  the  actual  performance  of  wood  under 
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£ire  cdnditioBSi  nor  i®  evaluating  the  sigailicande  of  fire-retardant  treatments  and 
Goatings  i  Fire  spread  is'  the  characteristic  of  wood  that  is  most  affected  fey  fire- 
retardant  treatments  and  coatings  ^  Sizcj  form,  dens%,  moisture  content,  and  ar¬ 
rangement  of  memfeers  are  other  factors  that  have  an  important  affect  on  the  fire- 
spread  charaeteristic  of  woodi.  Resistance  of  wood  to  destruction  fey  fire,  such  as  rate 
of  penetration  of  fire  and  maintenance  of  structural:  properties;  under  standard  time- 
temperature  conditions,  is  affeGted  fey  its  physicai  properties  and  structural  details. 
Resistance  to  charring  is  not  greatly  increased  fey  fire-retardant  treatmentsi,  perhaps 
at  most  by  some  10  to  20  percent.  Good  performance  of  wood  construction  under  fire 
eonditions  is  ofetained  fey  taking  advantage  of  the  Setf-insulating  qualities  of  Wood,  fey 
employing  good  structural  details-,  and  fey  using  fire-retardant  treatments  and  coat¬ 
ings  where  cireumstartCes  warrant.  There  is  much  yet  to  be  learned  about  wood  and 
wood  products  in  relation  to  fire. 


93.  Underwriters'  Laboratories,  Inc. ,,  Chicagc,  Rl, 

ignition  of  too©  at  low  tEMPERATURESi 
Card  C60,  Card  Data  Serviee,  n,  d, 


94.  U.  $.  Forest  Products  Lafeoratoiy',  Madison,  Wise, 

COMPUTED  TliRlttL  CONDUCTIVITY  OF  COM¬ 
MON  WOODS,  Technicai  note  no,  248,  Rev, , 

Dee  1952,  6p, 

Determinations  of  the  thermal  conduetivify  of  wood  at  various  mDisture  contents  were 
made.  The  tests,  Which  covered  32  species,  furnished  sufficient  data  on  relationship 
between  Conductivity,  specific  gravity,  and  moisture  content  to  make  it  possible  to 
compute  the  approximate  thermal  conductivity  for  any  Wood  for  which  specific  gravity 
is  Imown  and  for  which  the  moisture  content  cM  fee  determined  or  assumed.  Such 
GonductiyltieS  have  many  practical  applications ,  such  as  in  estimating  the  thermal 
resistance  or  insulating  value  of  various  woods,  thermal  resistance  being  the  recipro¬ 
cal  or  inverse  value  of  eonduetivity. 

95.  U.  S,  Forest  Products  Laboratory,  Madison,  Wise, 

FUEL  VALUE  OF  WOOD,  Technical  note  no,  98. , 

Rev, ,  June  1956,  2p, 

Two  pounds  of  dry  wood  of  any  non-resinous  species  have  afeout  as  inuch  heating  value 
as  a  pound  of  good  coal.  Speaking  in  tons  and  cords ,  a  tone  of  coal  may  he  taken  as 
equiyalent  value  of  one  cord  of  heavy  wood,  1-1/2  cords  of  medium-weight  wood,  or 
2  cords  of  light  wood. 
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U.  Sv  Fbrest  Products  iLatobratoi^j  Madison^  Wise. 

IGNITION  AND  CifARiRBNG  TEMPEIiATDRES  OF 

WOOD.  Report  nO.  1464,  Jan  1958;.  '6p» 

The  purpose  of  this  report  is  to  indicate  the  importance  of  time  in  the  effects  Of  heat 
upon  wood  rather  than  lo  preseht  speGifie  values  for  ignition  temperatures  or  to  recomr- 
mend  n&ethods  for  determining  such  temperatures. 


97.  Vorreiter,  l. 

The  swelling  of  timber  as  a  function  of  a  number 

of  variable  factors  *  particdliarly  temperature  and 

timber  dimension.  HODZ  ALS  ROM-  END  WERKST 

vwlS  i  nOs  8  ,  pi  3:02>^312  ,  1955  ^  pnglish  trans  . 

by  R.  E  i  KijlStra.  Australia.  GSBlO  TR  3059  j  §  ip» 

The  author  determined  the  swelling  of  spruce  speeimens  (15  mm.  in  Jogitiidiial  direct 
tion  and  10«45  sq;  mm.  in  cross  seGtion)  in  ht  different  temperatures.  During 
the  first  hour,  at  all  temperatnref  (20^90- ),  taagentiy  sweliing  (I)  is  epneave  to  the 
time  axis;  radial  swelling  (if)  is  eonvex.  With  increasing  temperature,  the  rate  of 
swelling  inGreases  j  as  well  as  maximum  swelling  (lil)  in  both  directions.  At  all 
temperatures,  the  lil  in  both  direGtions  decreases  with  inGreasing  size  in  a  measured 
direction.  Thus,  at  20^  tangential  ill  is  7%  for  a  specimen  of  10  mm.  and  3,  8%  of 
45=mm.  dimension.  At  a  given  temperature  the  ratio  (IV)  of  I  to  11  deereases  wi# 
increasing  dimensions;  however,  beyond  63  mm.  I¥  inereases  with  temperature,  Thus 
for  a  speeimen  40  x  40  mm. ,  IV  is  1, 61  at  20:®  and  1,  75  at  80®,  The  author  gives 
reiations  between  I  and  II  as  a  function  of  densl^  (constant  specimen  size).  Previous 
work  has  shown  that  tropical  hardwoods  do  not  give  reliable  relations ,  since  their 
swelling  is  markedly  influeneed  by  inelusionS  of  resinous  materials.  The  valid  rela^ 
tionS  are  of  limited  use  owing  effect  of  speGimen  size.  The  author  quotes  from 
a  dissertation  of  B,  Marschmieck  to  the  eifpct  that  with  red  beePh  (30  X  30  mm, )  with 
increasing  temperature  ,(20  130")  at  a  constant  moisture  content  (for  example,  20%, 

I  increases  from  6, 8  to  8, 8%,  II  from  4. 4  to  4. 8%,, 


98.  Wangaard,  F.  F. 

The  effect  of  wood  structures  upon  heat  con¬ 
ductivity.  AMERIGAN  SOCIETY  OF  MECRANICAL 
ENGINEERS.  TRi^SACTIONS.  1942,  8p. 
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Shrinkage  andi  swelling  j  meehanicai  properties and  working  qualities  of  wood  are  all 
related  to  orientation  of  struetural  units  of  eell  wall;  effect  of  fihf illar  Orientation 
upon  heat-conducting  properties  of  wood  indicates  new  technique  for  selection  of 
various  quailties  of  wood;  application  of  longitudinal  transverse  conductivity  ratios  is 
proposed  particularly  for  detection  of  naild  eonipression  of  wood, 

93.  Weatherwaxj  R,  C:,  and  Stamm,  A.,  S. 

THE  CaEEFIGlENTS  OF  THERMAL  E3^ANSlON 
OF  WOOD  AN®  WOO®  PRODHGTS.  H.  Si  Forest 
products  Laboratory,  MadisOni  Wise.  Report  no, 

M87  ,  Mar  56,  46p. 

Data  are  reported  on  the  thermal  expansion  of  natural  solid  wood,  plywood,  impreg, 
GOmpreg,  papreg,  staypak,  hydrolyzed  wood,  plastics  and  lanunated  sheets^.  The 
coeHicients  of  linear  thermal  expansion  were  measured  on  each  of  these  materiails  m 
three  structural  directions^  The  variation  of  these  coeffieients  with  specific  gravity 
was  determined  on  a  series  of  26  solid,  oven  dry  speetHiens  of  9  diHerent  speeies  of 
untreated  woodi  The  effects  of  radial  cotnpression,  resin  treating,  and  Gross^banding 
On  the  values  of  the  coefficients  were  determined  on  a  series  of  23  birch  laminates* 

The  values  of  the  coeffiGients  for  papreg  and  hydrolyzeds'Wood  plastic  were  also 
determined*  General  formulas  were  deveioped  that  permit  caicuiatioa  of  the  coefficients 
linear  thermal  expansion  of  wood  in  any  grate  ddrection  of  the  specimen  from  the  origi¬ 
nal  and  final  specific  gravities ,  the  percentia^e  by  weight  of  reste  and  glue  present  *  the 
percentage  of  cross-banding,  and  the  siope  of  grate  relative  to  any  three  axes  of 
referettce* 


100.  Wright,  R,  H.  and  Hayward,  A,  M, 

Kinetles  of  the  thermal  decompositipn  of  wood, 

GANADIAN  JGIMMAL  OF  TEGHNQLQGY.  y  29 , 

#.  503-510,  1851. 

The  effects  of  particle  size  and  of  temperature  on  the  rate  of  decomposition  of  western 
red  cedar  and  western  hemlock  were  studied  in  eonnectipn  with  the  production  of  fuel 
gas  from  waste  wood.  Wood  speeimens  were  cut  into  cubes  having  edges  from  S  mm. 
to  19  mm.  and  weighing  from  i.  5  to  3. 3  g,  and  dried  for  24  hours  at  105° ,  Depending 
on  their  size,  1-140  cubes  were  dropped  into  a  60^1*  reaetion  vessel  filled  with  N  and 
heated  t©  500°,,  700°,  or  900°.  By  measuring  pressure  changes  within  the  reactor  ,  the 
reaction  for  cubic  pieces  were  found  to  be  of  the  1/2  order.  The  rate  constant  is 
directly  proportional  to  the  specific  surface  and  to  the  temperature,  and  the  propor¬ 
tional  to  the  specific  surface  and  to  Hie  temperature ,  and  the  proportionalily  constants 
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are  the  same  fbr  both  species  of  woo^.  Thie  foliiowing  eqUaitioE  wMch  applies  to  both 
Species,  was  derived:  k  =  ( 1/iLD-Oi  75)  (D.  0OO65T-6v4)'j  densily  in  g.  /eCi ; 

T= temperature  in  TC,  the  time  required  for  99%  decomposition  of  a  sample  is  IS/fe 
When  disks  2  cm.  in  diameter  and  0^  3  cm.  tMck  are  used>  the  reaction  was  of  the 
zero  order  ,  and  those  disks  cut  across  the  gram  decomposed  approximately  twice  as 
fast  as  those  cut  along  the  p’ain. 


iOd.  Youngs,  iki 

Becent  progress  toward  au'  understanding  of  the 

physical  and  mechanical  properties  of  wood. 

F0lliST  PROS^CTS  jOiJBNMi  p.  214-225  ,  1961. 

This  review  briefly  surveys  some  of  the  developments  and  progress  made  during  the 
past  five  years  in  strMng  toward  a  better  understanding  of  the  physical  and  mechanical 
properties  Of  wood,  their  signiEicance,  and  their  mterrelafcionship.  Much  of  the  work 
holds  eonsiderable  promise  for  the  futoe. 
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